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C'ul I MAN. P. S. J. (I'WSl ( liiinges 111 u Maiiarove/Sanipliire ( cminiiinilv. Nui'lli Arm Crock. Suiitli Aii.Miillia. 
Iivih. A’. Sor. S. Ainr. 122(4). 173 I7S. .3(1 Nmenihor. IWS 
Use Ilf 11 L’liiiipuifr m.S piiokaae lo siiuly iioriiil phn(og.raplis of Nnrtli Ann C'ivck 1 1‘)7‘) I‘»y3) cnni'iniial 
I'lcviotis siiidic-'i ‘.iiggcstiiig a lainlwarcl migralion iif (lie gioy inangroie. Axh-i nmu iimrimi. hin scawarii 
prograilaiion was .ilsii appaieni. Saniphiro coiniminiliL-s were iviliicod in area bv nearly iwo-iImJs. willi die 
majoiily 111 llie lii.sl area ovetarmvn by inangnivL's. At llie same lime samphires eiiUniiserl imvegetaicti artMS and 
some areas previciusly occupied by mangroves. I'roni l*J7‘.)-H5 llie ni'ca colon ised by samphire was similar to the 
area losl. bin was less from ldS5-93. It is siiggeslcd that seseral factors' are lespotisible for llie Lhaiiees in 
dislnbtilioii. 

Km WiiRiis; Avirniiiiii iiitiriini. Ihilnstuviu. Sitniin/niia, niangiove. samphire, sidtiiiarsh. lemporo-.spalinl 
eh.iline. progradalion, eoloiiisaiion. 



Iiilnidiiclioii 

Nnilh Arm Creek drains fnnii the Wiiioficicl/Diy 
Check rirca tif Adeluitle mnthwards iiilo ihe 
mangrove /one of Harker Inlel (I’ig.l). The /one 
comprises a seaward fringe of Ihe grey mangrove 
Avirnwia wariiui (ForsI) Vierh. \ur resinifera 
(Foret) Rakh., hackeil by a salt marsh coinpri.siitg 
mi.wil stimphircs of the genera Halosuirki F. G. 
Wilson anti Stin-ririinihi A. J. Seolt. fhe nuuigrnves 
and .samphires form bands of vtiriablc svidlh on both 
btitiks of the creek. 

The creek law been irscd for the reception of 
storms' (Iters', sewage cfl kieni and trade wastes. The 
wet eoasliil ceo.syslern eilging the creek has been 
onisiderably modilied since linmpean .setllemcnt In 
Ihe Itile ISOtls seawttll einbanknieiils were buill along 
Ihe' mangrove/Siimpliire interface, and the samphire 
/one was used as pasturage. .Salt proiinction on ihe 
ca.siern sitle of the creek began in lb.34 and 
priigressively nnielt of the Itiw lying area inland ol 
the seawall embankment has been ponded. On the 
W'esiein side ol the creek Ihe low lying land hehiiul 
llie seawtill heeame a mnnieipal reliise tip. In the 
Ih7(is a series of groynes siippoiTmg power pylons 
Was hln'lt Ihi'ougli ihe mangrove ’.samphiie /.one 
ahiilliiig llie creek 

The mure reeenl changes htive residted in changes 
lo the Wilier Hows and liikil ilynamies in the area In 
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fig I. Miip ot me region. 



lOKCi Ri'tidlcy ' reeiirded large scale diebtiek id boih 
mangroves and samphires in Ihe vieinily ol the 
power pylon g.roynes iind recent field inspeeiiniis 
liiue- retealed that the area is only slowly lienig 
reculoinsed. 

Aerial photogi-aphs of Ninth Arm Creek, laken 
between l‘Md and IdO.t. show ehatiges in the 
niangrm e and samphire eomnuniilles. Some changes 
are inarked. siich as areas of diehtick. or the inland 
advnnec ol' mangroves, flic u.se of Geographie 
Inrorinalion Systems (GIS) teelmology has allowed a 
I'lusei look 111 the changes in one small region ul the 
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Nnnh Ann (’reek cousLil welliiinJ, llie dniinaue area 
ol ihe Dry Creek SaliMelds' No. X Pump 

The area is hoiindod im the east hy a seawall atid 
(III the west by Nurtli Artn Creek, kunniili: ecnUiilIv 
iiernss the area is a small ereck that has been lorinctl 
b>' (he (Jisehai^e ul bitterns (brine that remains after 
salt erv'dallisatit'ii is eompleie) from the salLliehls 
I he No. S Pump ailil its supply (.Iralns are eleat ly 
visible on aerial photographs. 

Previoii.s sturlies 

Hiirlon (D7!<2l studied mallgidve devekipment 
north of .Aileliiide to (be kivci Light using aerial 
photographs eovering the period from Ib.l5 IdSC 
lie noted that ihc mangiove sianils showed ddfereni 
direetioiis ol gi'OW'th al the tw'o extremities of the 
sliidv /one Cieiierally Ihe northerly mangroves weie 
priigrading (extending seawards) while the souiheiiv 
maiiitroves near Swan Aliev were reireaiing niland 
across (he samphire Hats. I-Jiirion's paper diseiisscs 
Ihe possible causes of tins rlilTeience. in pallieillat 
disenssinp lerrigenons supiily and ixtlatiw sca-levd 
Use leiisUitie rise ami land stibsidenee). 

During IdSS-b Itradlcy' examined ihe mangroves 
III (lie vielniiy tif the No. S Pump on North Arm 
t teek. lie used visual eoni|.'arisrnis of aerial 
phoiogiaphs of the area taken in 107') mid los.'i. lie 
ftegeed two irnnseel lines aemssthc area anri mapped 
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Ihe dislribtilion, health and age of the vegetation 
along these Plastic 30 cm rulers were attathoil to the 
Iranseei pegs in ilelcrniiiic possible seilimentalioii 
patterns. The alignment of the stibsirnte on (he rulers 
vvtis ir corded. 

A funher study of the Nonh Arm Civek to Swan 
Alley area was nndertakeii by Blaekbtirn''' in 1001. 
He used lilS tecbmi|iies to aseertain distribution 
changes within Ihe mangrove arid sam|)hire 
communities. Hlackburii- did not physically visit Ihe 
North .Ann Creek, bin the photographs he c.xaminevi 
mdicaied both hindvvaid and seaward prctgradaiion ol 
mangroves 

The preseni study re examines Ihe area reported l>v 
Bnulley' i Tig. 2 ). The review of Ihe area eombines a 
(jIS analysis ol aerial |t|iolv'graphs ( 1040- 1003) wnb 
.1 yroiinLl survey using Bradley’s' exisime Iraiiscels. 
fhe sludy was euiislraiiied by growth ol mangroves 
making access dilficull. loss of some seclinieiil rulers 
and loss of transcci pegs nearer the senward fringe. 

Materials and Methods 

Department of Isiivironment ami Natural Be- 
soLirees I )4S0 scale ciilargcmcnis' of four aernd 
survey plioiogruphs dated 10 laniiaiy 1040. 10 
Maivh I070, IS Tehn.iiiry loS.’S anil S December 
109.' were manually digiiised inlo a I’urivi suitable foi 
use in the CIS nmpping package TNT'mips Tile. Tlie 
itircc more receiti phoiogiaphs.. iluling from 1070 lo 
[O'D, were geuivctified using man-made siniciures 
on the iieightHmiing salUiehl as control points, along 
wnh isolated mangrove (.1 nuiiiini) trees dial vveie 
ideniinuble ihrough the series of pholugniphs. Ibo 
1040 phoiocraph shows a landscape so differciu 
Ironi Ihc pa’scnl Ihtil gcoaclilication uaiUI only Oc 
.iccomplished bv matching Ihe angles of narrow 
'l3oirovv-|iils" along the se.i-wall. so data from ir 
were only used in a general mannei in die present 
stadv 

The principal compiinenis ol the mappcil •ar..*!i vvete 
vlclulcd as mangroves, saniphirps i m neither (water ur 
bare rnudi. An analysis of the limits of 'egelutiou 
oxer each of Iwn periods (|07O-|0S5 ami I0S3- 
IOOm was undenakca to iiy lo deiermiriu vvhai Ihc 
d.numiLsof the vegeiaiivc Lbangc were. 

I'leklwiiik 111 1000 included Iniding die iransei.t 
pegs placed by Hradley' in lOKlv. Ihc vegcialnai 
.ilnHij (lie nvci irtaiscxis w.is ivctaclcd aiul its heighi 
aw.isiDed III meiies iisinc .t iU.mmo'ii." i.ip'- 
Ketidiiigs vveic also iceoivicvl wbcic scduiiciil infcis 
were siill m plan- 
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Mar '7n 


I cb '85 


Dee-'93 


Change. '79-'93 


Mangroves (in') 


1M)2 


mm 


88459 


♦ 14557 


Siinipliire (m i 


(4173 


I27r,9 


5.^40 


- 8833 


Vegetative cover (m2) 


XS075 


91377 


93799 


■1-5724 



Tvwi.i 2. Chtin^f nfthe in iiii ipnl 


cow/KJ/icn/v ill ili(- n 










Area o( each change 


class 


Animal rale ul chiinge 






of the ve.gelalion I 


IV) 








1979-1985 


19X5-1993 


1979 1985 


19X5 1993 


Stangn've lo mangrove uio eliaiigei 


(.4175 


7(w)74 






Siiiii|ihiiv to inaiigiove 


(i20: 


(.itlVS 


I9.CJ 


7C.2 


Maiigiovf to samphiu- 


2913 


fi2(l 


48(1 


78 


Ntiilwr'- lo mangrove 


^529 


3758 


587 


47(1 


Vliinglme to iieilher' 


1249 


588 


297 


74 


Neiilicr' to saiiiphire 


387(, 


llh-5 


(■.4(. 


145 


Samphire to neither^' 


1423 


3988 


.421 


499 


Samphiie III saiiipliiie i no eliaiigel 


S99.3 


2(1.59 






Vegetative loss 


3lfi3 


457(. 


527 


572 


Vegel at i \ e 1 1 ii iva se 


739(1 


49: r 


1233 


(.15 


Kale m change in total segeiative cover 




799 


4.1 



“iK-illier" imlic.rliis umis of b;tre nnicl or w.iier 



Hct'iiiisL' the iiniriiiti trees liiul grown 
a>nsiiloral>l.v dining ihc il years siiiee llic iranseet 
pegs were plaeetl. loearing the pegs past the SO m 
mark, on Tninsecl A and the 1 1(1 m mark itn Tninseel 
li miglil possihly have resalled in damagre to the 
inangal and m> no dala were eulleeled heyond lliese 
points. 

Re.sults 

Vr,i;t'Uiii<in mcii>i>iii}‘ 

A eomparison for llie period Id7d-109.( shows 
e\ tension ol the tnangrove ennopy, and a redticlion in 
the area eovered by ,>amphires. with an overall 
increase in vegetated iiroii (Table 1). As the study 
/one is delimited on the landward side by the seawall 
embankment, the gain must eitlier be the 
overgmwing of previously hate mud palehcs, or 
some seaward aeecssiou, 

The results of the analysts of the limits of 
vegetation Iroin I979-I9S5 ami 1985-1993 are 
summarised in Table 1. 

rite latgcsl change ovei the period was an increase 
ol mangroves at the e.speiisc of the samphire 
eommuuily. However, the extension of both 
mangroves and samphitvs over bare mud and into 
water areas ts also oceurring. ttlong with samphire 
colonisation ol arciis previously supporting 
mangroves, lirosion is oeeiirring in some areas of 
samphire. 

Sainphnv has given way to nuingrove at their 
interfaec as the mangrove has extended inland 



.Almost the entire eeniral satnphire /one has been 
succeeded by mttngim'es and the trees have also 
occupied many of the creek lines as well as 
colonisiiui the bare mud .ireas along the seiiwiill 
embankment. .Site visits in .luly anil Sepletnber |9')0 
revealed jiivetiile niangroves growing alotig the No. 
8 Pump disehaivie elianitel and speeiinetts more than 
4 nt high growing along the seawall within 40 m of 
the discharge point, 

.Some mangrove ureas have been rephtced by 
samphire or by hare mtid. This has mainly oeeitrred 
in the southern pail of Ihc stiidy tnea but also along 
Ihc hiticnis discharge ercck 

•Along the seaward edge, progravlalion ol 
mangroves is apparcni along the entire length of the 
sUidy /one. The extension is most marked in the 
southern areas, with a maximum advance of 
a|vpn>ximately 25 30 m m the 14 years fn>iri 197^) 
1993. 

In the northern part of the study /.one the .ceavvard 
piogiession consisled mainly rd infilling the many 
invaginations and embaymenis around isolated trees 
and the advance was hetvveen 10 and 15 m. The 
eaiisc of the slower pirigradalion ol mangiovcs in the 
noitlicin area is unecrlain Imi the inlilling of semi- 
enclosed areas suggests thal low water Ihtw rates in 
the .sheltered areas were eunducive to sediment 
aeerelion. whereas the aelual seaward fringe may 
have been exposed lo stronger w ave action. 

The samphire eommunily has aksi) been extending, 
iind has heeonie established on previously hare mud. 
theie are now samphires along the seawall within 1 5 rn 
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Taiii I i(/oh,(; tlh' Irdiiwris 



DLoance 
aloiiy 
(r, insect 




A rraii.sect 






U Transect 






1985 


19.86 reading 


|9U() reading 


1985 


1 986 reading 


I99(i reading 




initial 

iviiiliiig 


(change') 


(change) 


initial 

iCMdillg 


(cluiii.ae) 


(diaiige) 


0 III 


5.2 


6.3 

( 1. 1 cm) 


lUt 


5,2 


6..t 

(-1.1 eno 


ii:i 


lit 111 


h.6 


8 

(-1.4 ciiil 


,3 

(t5,() cm) 


4.5 


4 6 

(-tU cm) 


7 

(0.4 mil 


2(1 Ml 


4.1 


5.2 

(1) 9 Clio 


4 

t+ 1,2 L'ini 


4 


.3..8 

(+0.2 cm) 


il;i 


.50 111 


8 


7„s 

(+0.5 cm) 


lUI 


7 


(..2 

1+0, .8 cm) 


IIM 


loo III 


6,1 


6.1 

(mi cllail.eC) 


nil 


6..3 


6.3 

(no ctiaiigc) 


3.5 

140 X cm ) 



Note I: l^)S5 & !‘/8(i ivaclinsis from Hradlcy ( |dS6|', 

Now .1: Kenilinj>s aw llic aligrmifin ol'llic siibsirali; agimiM 3(1 cm plastic I'lilci's ailaclicU lo l(ie Irailscci |K.'gs. '/.cro is to (lie 
tup III llie nilei. 



i>l llic (Jisduirgc point. As llu.' creeks arc being 
iiirillraicd Iw maugrove.s, new areas lot sanipliire 
colonisalion have iippearctl. Much of ihc new grow th 
is along lire seaw'iill anti to (he north of the siial^ 
area, where Ihe l:TSA gm>ne has allcicti the litlal 
ciiTtihitioii. 

The billems discharge does not a|)pear It) have 
alVeeied growah cif samphires negaiively. po.ssibl^ 
hceause Ihc species arc adapted lo sarvit ing in high 
salinity regimes, bni samphire has been eroiled away 
in some areas along the hillerns disehaige ereek. 

I ran SCI i\ 

l-'igtirc 3 pivsenls Ihe lhS.3 and lh% hcighls of Ihc 
vegetation along Braillcy’s' existing transects and 
shows the maliiralion of young stands of mangroves 
tint! Ihe new colonisation (by niangroves and 
samphire) ol tiieas closer lo the diseliarge point. The 
I'/'tb (.lain were etillecietl tilting Ihe tmnsecls in 
September. The loresls are now' st) dense that 
accessing the pegs is diflienli and so Ihe iransecis do 
not continue to the original 15(1 m point. 

SciJiini'iihilioii 

'I'lic hillerns discharge creek has formed since the 
ld4h aeritil photograph was taken and Bradley's' 
leptirt cx|iresseil stmic concern that crosltm might he 
oeeiirniig in this ereek near the disehaige poinl. He 
esamined sedinieiilalioii pntlenis away from Ihc 
immediate disi, barge point by atiaclnng plastic rtilcrs 
to the irtinscel pegs and reeotding the relalite lieiglii 
ofllie substrate at each Iticalion. 

In rispon.se lo Bradley’s' finding during llic iinlial 
obscrviilion period ildK5 l')S(i) lhal some erosion 
was oecuii'iiig near the disehaige point, .salilield 



personnel deposited concrete blocks in the drain to 
hretik up the fltiw. To delemiinc the types ufehtinge 
that iTiigIn have been occurring since l‘)S5/tif), the 
nilcfs were CNamined in Sepicmbcr 1046 where they 
still existed. The few remaining sedimeni rulers 
indietiied thsn the hydrology of the area may ha\e 
cliailgeil. These 1406 readings are presented (Table 
3) Iftgelher with Bradley's' 10S5 tmtl I0S6 retidings. 

The stuilhcrii Iranscel (Transeei A) shows 
deposition to have occtirred within 10 m of. and 
ptissihly closer m. ihe discharge point. The 
topography of Ihe iranseel is smoolh, wiih no creeks 
crossing it. so sedimentation may be lelmivdy 
iinironn .across the area. 

The northern iranscci has scvcial small creeks 
crossing ii, and ihe erosiun/sedinicnlaiion paiiern is 
more complex. The lack of fillers niiikes it diffieiill to 
interpret. iU'wevei. Ihe area eltcsesl to Ihe disehaige 
piijnl lias eioded somewhat over ihc last 1(1 years, 
foiming a ereek line. At low tide any disehaige 
lulUnvs Ihe c.sisiing creeks (slighlly lo the norili 
lielore unning westerly i, which haw become more 
delined as mangroves litivc coloni.seil llic Hals amniid 
them. The ereek al 6(1 in is nol recorded as having a 
scdiniciil ruler on Bradley's original sedimeni table, 
but a reading, of Ihe tiipogniphie plan of the irnnsivi 
tione in l*)X5 shows the creek to be about 15 cm 
deep: (he eiment retidiiig is 14 cm. The rulei on Ihe 
too m iraii.scet peg in Ihe main litrcsted area along 
the noi'lhcm (ransccl shows a small sedimeni gain 

Hisciis.sion 

The deiaileil fll.S study was possible beCiuisc 
Millicieni matkers were visible in aenal pholtigraplts 
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l^is'ribiition along Transect B 



IVS.S 




Eig. T A. Hfight (iislribuiion ol vegetaliim along Transect A B. Height disiribulion ot' vegel.ilnnl along Ihinscet Li. 



k) allow precise georeelirieation. The 194V 
plioiogniph lacked some markers, reducing 
confidence in the precision of il.s gcorcctinciition, 
However, this earlier photograph provide.s some 
insight inio changes in vegetation patterns. The main 
tl i ITcre nees i nc ( ude : 

1. a larger area of vcgcltiiion in 194V between 
the seawall and North Arm Creek; mangroves 
extended fm ther out into the creek, 

2. no creek in the localioti of the ctirieiu biiterns 
disehaigc creek and the land inside the 
sea Willi was grazing hind. 

4. a wide e.xpansc of stimphires, with 
mangroves penetrating from North Arm 
Creek in towards the seawall tilong 
depressions, and 

4. iiretis of mangrove dieback just behind the 
.seaw ard fringe of mangroves. 



The 1949 photograph showeil that the mangroves 
in North Arm Creek were already retreating inland, 
so the seaward expansion visible in the |)ost-1979 
photographs must have started before 1979 but after 
1949. 

It is posUilalcd that there has been an advimee and 
regression of the mangroves with relatively small 
changes in wtiter flow ptitterns. .According to 
Hodgson I'l III. (I%6T North Arm Creek received 
the flow of effluent fruni the Islington Sewage Farm 
from I8S1 through to the opening of the Bolivar 
Sewage Treatment Works in the 1960s. 

Uiiring the operation of the sewage farm, nutrient 
rich water would have been released into North y\rm 
Creek. The elfliient may have sujiported algal 
blooms Ihtit could have caused the sporadic oxygen 
depletion in llie walers ol' the creek recorded by 
Hodgson ( 1959F . Indiiecd anaerobic conditions are 
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rcpi)ilcil tu ciiuse llic asphyxiation deatli of areas of 
mangroves (Diop cl al. 1997) anti this may explain 
the areas of tlicbaek visible in the 1949 photograph. 

The changes in the rnangrove/samphire etnn- 
munilies visible in the 1979-1993 photographs 
eotifirni previous studies that have suggested that a 
landward migration of A. tmtrhm is occurring in the 
southern reaches of Barker Inlet resulting in a 
reduction tif the area of samphires. However 
mangroves are also prograding seawards and 
covering a larger area, suggesting that the growth and 
distribution pattern is not a response to a single factor. 

While land snbsidence/sea-lcvel rise ( Burton 1982) 
may be responsible for the landward progradation. it 
cannot account for simultaneous seaward 
progradation. Sedimentation readings from the 
transect rulers indicate that sediment is aecunndating 
over much of the area and Ihtit any lowering of the 
lami surface is likely to be a widcspreail laiidform 
.sctllcmcnt (PPK 1992') tif the sedimcntai'y coastal 



deposits rather than a lack of sediment supply or 
erosion per sc, except in specific areas such as creek 
lines and patches of mangrove dicback. 

Samphire conummities over the period 1979 1993 
were reduced in area by nearly -Vi despite the ot erall 
gain in vegetated area. Most of the lost area wtis 
overgrown by mangroves However, ihe direction of 
change was not entirely one way. as samphires 
colonised areas previously occupied by mangroves 
plus areas of niud/water. During the earlier period, 
between 1979 and 198.3, the area of new samphire 
growth each year nearly matched the ;uea lost, so 
that there was an apparent loss of only 200 m- of 
.samphire annually.. The later period (198.3-199.3) 
showed a slowing in iiewlv colonised aieas of 
samphire. Although the area overgrow'ii by 
niaiignrve or eroded each year remained about Ihe 
same as in the earlier period, the rale of loss appeared 
higher (1000 ni- annually) because theie was little 
colonisation of new' areas by samphire 
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